The dermis of human skin contains large numbers of fibroblasts that are responsible for the production of the extracellular matrix (ECM) that supporting skin integrity, elasticity and wound healing. Previously, an in vivo study demonstrated that dermal fibroblasts siting in the lower dermis are capable to convert into skin adipose layer and hence fibroblast lipogenesis may vary the structure and elasticity of dermis. In the present study, Hs68 human dermal fibroblasts were utilized as an in vitro model to study the lipogenesis via using adipogenic differentiation medium (ADM). Baicalein, isolated from Scutellaria baicalensis, is one of the flavonoids to inhibit adipocyte differentiation due to high antioxidant activity in vitro. In order to develop a suitable formulation for baicalein (a poorly water-soluble drug), soybean phosphatidylcholine (SPC) was used to prepare baicalein-loaded liposomes to enhance drug bioavailability. Our results demonstrated that liposome-encapsulated baicalein protected cell viability and increased cellular uptake efficiency of Hs68 fibroblasts. Lipid accumulation, triglyceride synthesis and gene expressions of lipogenesis enzymes (FABP4 and LPL) were significantly increased in ADM-stimulated Hs68 fibroblasts but subsequently suppressed by liposome-encapsulated baicalein. In addition, ADM-induced TNF-α expression and related inflammatory factors was down-regulated by liposome-encapsulated baicalein. Through ADM-induced lipogenesis, the protein expression of elastin, type I and type III collagens increased remarkably, whereas liposome-encapsulated baicalein can down-regulate ADM-induced ECM protein synthesis. Taken together, we found that liposome-encapsulated baicalein can inhibit ADM-induced lipid accumulation and ECM formation in Hs68 fibroblasts through the suppression of lipogenesis enzymes and inflammatory responses. Liposome-encapsulated baicalein may have the potential to improve wound healing and restore skin structure after skin injury.
INTRODUCTION
Dermis in skin is the layer lies between epidermis and subcutaneous adipose tissue. Dermis is composed of fibrous and elastic tissue, thereby providing strength and flexibility to skin. Dermis is the thickest layer of the skin, but that can be varied based on body mass index (BMI), gender and locations. Recently, many researches revealed the relationship between adipose tissue in correlation with dermal fibroblasts. Ezure and Amano (2010) and Hew et al. (2016) demonstrated that the subcutaneous adipose layer of mice was remarkably thickened after being fed with high-fat diet, while the dermal layer was thinned (Ezure and Amano, 2010; Hew et al., 2016) . Hence, such increase of adipose tissue may reduce the proliferation of dermal fibroblasts and elasticity of skin (Ezure and Amano, 2010) . Moreover, adipogenesisdefect animal model indicated that intradermal adipocytes could mediate fibroblast recruitment during skin wound healing (Schmidt and Horsley, 2013) . Interestingly, Wojciechowicz et al. (2013) confirmed that dermal fibroblasts siting in the lower dermis are capable to convert into skin adipose layer independently without influence from subcutaneous adipose tissue. Furthermore, the thickness of the lower dermis increased was found concomitant with the extension and downgrowth of hair follicles. Therefore, a key objective of studying the lipogenesis in Hs68 fibroblasts is to determine if and how lipogenesis can modulate inflammatory responses and change extracellular matrix (ECM) structure and composition in human dermal fibroblasts.
Dermal fibroblasts are the major cell population in dermis which are responsible for ECM production and wound healing. In the study reported by Rakar et al. (2012) primary human dermal fibroblasts were found to differentiate toward adipocytes, osteoblasts and chondrocytes using different induction media. Hence, relatively undifferentiated fibroblasts can express a particular phenotype depend on physiological stimuli and microenvironmental factors to which they are exposed (Koumas et al., 2003) . This discovery supports the concept of fibroblast plasticity and proposes that fibroblasts can be transformed into adipocytes. In previous report suing human neonatal and adult lung tissues, alveolar interstitial fibroblasts were detected with the presence of lipid and the expression of adipocyte differentiation-related protein (ADRP), a protein necessary for lipid uptake, leading to their classification as lipid-containing fibroblasts or lipofibroblasts (Rehan et al., 2006) . Lung specimens harvesting from patients with idiopathic pulmonary fibrosis (IPF) were found to have decreased lipofibroblast marker expression compared with non-IPF control samples (Bhattacharya, 2016) , resulting in a hypothesis that conversion of fibroblasts into lipid-containing cells or lipofibroblasts may be able to prevent tissue fibrosis, abnormal wound healing, and hypertrophic scars. However, in skin wound healing, the role of lipogenesis in dermal fibroblasts were under investigated and the mechanisms has yet to be defined. Our previous study confirmed that adipogenic differentiation medium (ADM) can stimulate the differentiation of Hs68 human dermal fibroblasts to adipocytelike cells through the lipid accumulation and mRNA expressions of PPAR-γ, LPL and FABP4 (Fang et al., 2016) . In the present study, we aim to further investigate the impact of lipogenesis on the inflammation responses and ECM formation in Hs68 fibroblasts.
Baicalein (5,6,7-trihydroxy-2-phenyl-4H-1-benzopyran-4-one), one of the remarkable flavonoids, is isolated from the root of Scutellaria baicalensis. Baicalein possesses a variety of biological activities, including high antioxidant, antiinflammatory, anti-proliferative, anti-apoptotic and anti-tumor activities (Gao et al., 2013) . Baicalein has been demonstrated to decrease skin thickness and to suppress the expression levels of matrix metalloproteinase (MMP)-9, and vascular endothelial growth factor (VEGF) in ultraviolet (UV) B irradiated skin of mice models (Kimura and Sumiyoshi, 2011) . Moreover, baicalein is known to inhibit radiation induced expression of nuclear transcription factor nuclear factor kappa B (NF-κB) and Cyclooxygenase-2 (COX-2) in human keratinocytes (Kimura and Sumiyoshi, 2011) . Seo et al. (2014) found that baicalein can inhibit lipid accumulation and adipocyte differentiation by suppressing adipogenic factors such as PPARγ and C/EBPα through m-TOR signaling pathway in 3T3-L1 fibroblasts. However, using baicalein in therapeutic application are limited due to its low water solubility and poor oral bioavailability (Huang et al., 2014; de Oliveira et al., 2015) . Recently, Rajkumari et al. (2017) have used baicalein as a reducing and capping agent in the synthesis of gold nanoparticles to inhibit Pseudomonas aeruginosa PAO1 biofilm formation. Li X. et al. (2017) also synthesized amine-modified mesoporous silica nanoparticles to encapsulate baicalein to exhibit anti-inflammatory effect on primary human gingival epithelial cells. Interestingly, baicalein was found to reduce the cytotoxicity of ZnO nanoparticles in Caco-2 cells (Li Y. et al., 2017) . Therefore, liposomal nanoencapsulation of baicalein was introduced and investigated aiming to improve therapeutic efficacy through the increase of drug solubility and cell absorption efficiency (Moulaoui et al., 2015) Composite phospholipid liposomes, similar to the lipid bilayer of cell membrane, have been formulated in nano-scaled sizes to increase the in vivo bioavailability for hydrophobic drugs (Kalepu and Nekkanti, 2015; Ong et al., 2016) . Liposomes can be modified with various lipids to enhance drug loading efficiency and release characteristics (Mohammed et al., 2004) with reduced cytotoxicity, better biocompatibility and stability (Zeng et al., 2016) . Various techniques, such as Bangham method, the detergent depletion method, the ether/ethanol injection method, the reverse phase evaporation and the emulsion method are previously reported to formulate drugloaded liposomes with high entrapment efficiency (EE), narrow polydiversity index (PDI) and long term stability (Galović Rengel et al., 2002; Bergstrand et al., 2003) . Based on low aqueous solubility and high cytotoxicity of baicalein on Hs 68 human dermal fibroblasts, phosphatidylcholine (PC) -based liposomes were used to encapsulate baicalein. Thereafter, we investigated the inhibitory effects of liposome-encapsulated baicalein on the ADM-induced adipogenesis, inflammatory responses and ECM synthesis in human dermal fibroblasts, Hs68.
MATERIALS AND METHODS

Chemicals and Cell Culture
Baicalein was purchased from Sigma-Aldrich, USA. Phospholipon 90G (phosphatidylcholine 90%) was acquired from American Lecithin Company, Germany. All cell culture materials including, Dulbecco's modified eagle's medium (DMEM), fetal bovine serum (FBS), L-glutamine, adipocyte differentiation medium (ADM) were obtained from Gibco (Grand Island, NY, United States). Oil red o staining kit was purchased from Lifeline Cell Technology (Frederick, MD, United States). Adipogenesis assay kit was purchased from Sigma-Aldrich (St. Louis, MO, United States). All reagents and solvents are for research use only. Human foreskin fibroblasts (Hs68) were obtained from ATCC (Manassas, VA, United States) and Murine macrophages RAW 264.7 were purchased from Bioresource collection and Research Center, Food Industry Research and Development Institute, Taiwan. Both cell lines were cultured in DMEM supplemented with 10% v/v FBS, 100 units/ml penicillin and 100 µg/ml of streptomycine under steady state condition at 37 • C with 5% CO 2 in a humidified incubator.
Liposomal Formulation
Baicalein-loaded liposomes were generated using a thin-film hydration and size reduction procedure as previously described (Yeh et al., 2015) . Briefly, 100 mg of phospholipids were dissolved in 8 ml of chloroform, series amounts (20-60 µg) of baicalein were dissolved in 2 ml of ethanol and mixed together in a round-bottom flask. The organic solvents were evaporated by using rotary evaporator (Eyela, N-1000, Japan) at 45 • C prior to vacuum dry to form a dry lipid film. The lipid film was rehydrated by addition of 2 ml PBS (Phosphate buffered saline). Liposomes were then resized and uniformed through extruding polycarbonate membranes with series decreased pore sizes from 400 nm, 200 nm to 100 nm (Avanti Mini Extruderm, Alabaster, AL, United States). Empty liposomes were prepared by the same process with drug-free methanol.
Particle Characterization
The particle stability of liposomes was identified by storing and measuring the particle sizes over 2 weeks. The particle sizes were measured by using a Dynamic Light Scattering Instrument (HORIBA, LB-550, Japan). The solution of baicalein-loaded liposomes was diluted in approximate 30 times with doubledistilled water to make sure that the light scattering intensity was in the instrument's detectable range. The Polydispersity index (PDI) and zeta potential of liposomes were determined by Dynamic Light Scattering Analyzer (Malvern, Malvern Nano-Zs, England).
Entrapment Efficiency
Loading efficiency of baicalein in liposomes was assessed using a high-speed centrifugation once the liposomes were formulated. Baicalein-loaded liposomes were spun down at 80,000 rpm by Beckman ultra-high speed centrifuge for 30 min. Next, the supernatants were carefully discarded and pellets were subsequently redissolved in the equal volume of ethanol. The concentration of baicalein in liposomes were then measured using an ELISA reader (Tecan, infinite M200) at wavelength of 277 nm. The encapsulation efficiency of baicalein in liposomes was calculated from the standard curve. The entrapment efficiency (EE) was obtained by the following formulation: EE% = the amount of baicalein in liposomes initial amount of baicalein for drug loading ×100%
Cell Uptake of Baicalein-Loaded Liposomes
Cell uptake of baicalein-loaded liposomes in Hs68 human foreskin fibroblasts was examined using the fluorescent microscopy. DiI solution (1,1 -Dioctadecyl-3,3,3 ,3 -Tetramethylindocarbocyanine Perchlorate, 10 mg/ml, 1 µl) was added into liposomal solution to form DiI-loaded liposomes. Hs68 fibroblasts were cultured in 6 cm dishes at a density of 3 × 10 5 cells/ dish overnight at 37 • C with 5% CO 2 . After 1 day culture, cell culture medium was removed and replaced with DiI-loaded liposomes at various time intervals (0-24 h) prior to washing with PBS and fixation with 0.075% (v/v) formaldehyde solution for 30 min. In the control group, Hs68 fibroblasts were treated with DiI solution for 24 h. After fixation, cells were secondary washed with PBS and stained nuclei using DAPI solution (10 µg/ml) for 10 min. Finally, Hs68 fibroblasts were rinsed and mounted with PBS and photographed by microscope (Nikon TI-E) and CCD camera system (SPOT RT3). Fluorescent photographs were quantitative analyzed using Image J software (NIH, United State). Cell uptake efficiency was determined via measuring DiI fluorescence intensity.
Cell Viability
Human foreskin fibroblasts, Hs68 and murine macrophages, RAW264.7 were seeded at a density of 10 4 cells/well and 5 × 10 4 cells/well in 96 well plates individually for cell viability analysis. After incubation overnight, cells were then treated with pure baicalein, empty or baicalein-loaded liposomes in concentrations of 10 or 20 µg/ml respectively for 24 h. After baicalein treatment, cell culture medium were replaced with 200 µl of 100 µg/ml MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reagent and incubated for 4 h before measuring absorbance at 570 nm using ELISA reader (Tecan, infinite M200). Relative cell viability was demonstrated by percentage compared with control.
Nitrite Assay
RAW264.7 macrophages were seeded at a density of 5 × 10 5 cells/well in 24 well plates, following by treatment with pure baicalein, empty or baicalein-loaded liposomes, in concentrations of 10 and 20 µg/ml respectively for 24 h. After removing of supernatants, no-phenol red medium (200 µl) were added for 8 h of incubation. The release of nitric oxide from inflamed macrophages was measured by determining nitrite concentration. Nitrite-contained medium (100 µl) were mixed with 100 µl of griess reagents in 96 well plates. Absorbance was measured at wavelength of 550 nm using ELISA reader (Tecan, infinite M200) after 15 min of shaking in dark. The reference values of nitric oxide were shown as the mean percentage of absorbance and standard deviation in comparison with lipopolysaccharide (LPS)-treated cells from two independent experiments.
Oil Red O Staining
Hs68 fibroblasts were seeded at a density of 10 5 cells/ dish in 6 cm dishes. After 24 h incubation, the culture medium was replenished with 20% (v/v) ADM and cultured for 14 days to induce lipogenesis, while pure baicalein, empty or baicaleinloaded liposomes were added at day 7. At the end of 14 days culture, cell culture medium was removed and rinsed with PBS twice. For histochemical examination, intracellular accumulation of lipid in Hs68 fibroblasts was performed using the Oilred O staining kit (Lifeline Cell Technology, Carlsbad, CA, United States). Concisely, cells were fixed with 4% (v/v) paraformaldehyde fixative solution for 30 min, rinsed with PBS and incubated with 100% 1, 2-propanediol dehydration solution for 10 min at room temperature. Following by fixation and dehydration, oil red O stain solution was added and incubated at 37 • C for 30 min prior to imaging of cell morphology under microscope (Nikon TI-E) and CCD camera system (SPOT RT3). Finally, 85% (v/v) 1,2-propanediol stain differential solution was added for 1 min to differentiate stain and the absorbance was measured by ELISA reader (Tecan, infinite M200) at the wavelength of 520 nm.
Triglyceride Assay
Quantitative analysis of triglyceride content in ADM-induced Hs68 fibroblasts was conducted using an adipogenesis assay kit (Sigma-Aldrich) according to the manufacturer's instructions. Hs68 fibroblasts were cultured and adipogenesis was induced as described above. Free drug, empty liposomes or baicalein-loaded liposomes were added to cells respectively at day 7. After 21 days of incubation, 100 µl of lipid extraction buffer was added and incubated for 30 min at 90 • C. Cell medium became cloudy and then cooled down at room temperature. Cell medium was shaken for 1 min for homogenization followed by transfering 5-50 µl of lipid to another 96 well plate which were filled with adipogenesis assay buffer up to a total volume of 50 µl. Lipase solution (2 µl) was added and incubated for 10 min at room temperature for the degradation of triglyceride, following by adding master reaction mix for reaction of 30 min before measuring the absorbance at 570 nm using the ELISA reader (Tecan, infinite M200). Triglyceride content in Hs68 fibroblasts was calculated from the triglyceride (triolein)-equivalent standard curve.
Fluorescent Antibody Technique
Hs68 fibroblasts were seeded at a density of 10 5 cells/dish and treated with ADM for 14 days in the presence or absence of liposomal samples. After 14 days of adipogenic differentiation, medium was removed and rinsed with PBS. Cells were fixed with 10% formaldehyde at 4 • C for 30 min and washed with PBS twice. 0.1% Nonidet P-40 in PBS was added and incubated at room temperature for 10 min. After discarding Nonidet P-40 solution, cells were washed with PBS twice and blocked with BSA solution (2% w/v in PBS) for 30 min. Thereafter, the primary antibodies of anti-collagen I IgG produced in rabbit (1:500 in PBS, ab34710, Abcam, Cambridge, United Kingdom), anti-collagen III IgG produced in mouse (1:1000 in PBS, ab6310, Abcam, Cambridge, United Kingdom), and anti-elastin IgG produced in rabbit (1:200 in PBS, ab21610, Abcam, Cambridge, United Kingdom) were added separately and kept at 4 • C for overnight. After washing with PBS twice, the secondary antibody of H&L Dylight 594 anti-mouse IgG produced in goat (1:50 in PBS, ab96881 Abcam, Cambridge, United Kingdom) conjugated with reddish fluorescein (FITC) and green fluorescent antirabbit IgG produced in goat (1:200 in PBS, 111-095-003, Jackson ImmunoResearch Laboratories, WestGrove, PA, United States) were added in turn for 1 h of incubation. Finally, cells were washed with PBS twice and DAPI (10 µg/ml) was used to stain the nucleus of cells. The cell morphology was photographed by fluorescent microscopy equipped with CCD camera system (SPOT RT3). For quantitative analysis of elastin, type I and III collagen in hs68 fibroblasts, we used Image J software (NIH) to measure the fluorescence intensity in 10X images obtained with equal acquisition parameters.
Collagen Assay
Collagen content in Hs68 fibroblasts was measured by Sircol collagen assay kit (Biocolor, United Kingdom) according to manufacturer's instructions. Hs68 fibroblasts were seeded at a density of 10 5 cells/ well in 6 well plates. Hs68 fibroblasts were incubated with 20% ADM for 7 days at 37 • C in a 5% CO 2 atmosphere and liposomal samples were added at day 3. At day 7, the medium was removed and washed with PBS. Pepsin solution (10 mg/ml in 0.5 M cold acetic acid) was added to each well for collagen isolation. After the supernatants were transferred to other eppendorf tubes, 1 ml Alkali Reagent was added and mixed by inverting contents for 30 min, then the samples were centrifuged at 12,000 × g for 10 min at 4 • C. Afterward, the supernatant was removed and 750 µl ice-cold Acid-Salt Wash Reagent was added into the collagen-dye pellet to eliminate unbound dye from the surface of the pellet. After centrifuged at 12,000 × g for 10 min, the supernatants were removed and 250 µl Alkali Reagent was added to each sample to dissolve the dye. Finally, the absorbance was measure by an ELISA reader at a wavelength of 555 nm.
Elastin Assay
Elastin content in Hs68 fibroblasts was measured by Fastin elastin assay kit (Biocolor, United Kingdom) according to manufacturer's instructions. Firstly, Hs68 fibroblasts were seeded at a density of 10 5 cells/ well in 6 well plates. Hs68 fibroblasts were incubated with 20% ADM for 7 days at 37 • C in a 5% CO 2 atmosphere, and test samples were treated to cells at day 3. At day 7, the medium was removed and washed with PBS. Then, 1 ml of trypsin solution was added into each well to detach Hs68 fibroblasts, and cell lysing solution was transferred to a 1.5 ml micro centrifuge tube. In order to convert cell bound elastin to water soluble α-elastin, 300 µl of cell lysing solution was mixed with 100 µl of 1.0 M oxalic acid to make the final concentration of 0.25 M and heated at 100 • C for an hour. Afterward, an equal volume of elastin precipitating reagent was added and vortexed gently for 15 min to make sure the complete precipitation. After centrifugation at 10,000 g and 4 • C for 10 min, the supernatant was discarded and replaced with 1ml of Dye Reagent. The samples were shaken evenly for 90 min and centrifuged at 10,000 g for another 10 min. The unbound dye was drained out and 250 µl of Dye Dissociation Reagent was added to each sample to dissolve the dye. Finally, the absorbance was measure by an ELISA reader at a wavelength of 513 nm.
Quantitative Real-Time PCR Hs68 fibroblasts were cultured in 6 cm dishes at different cell densities for the studies of TNF-α induction and ADM stimulation. After treatment, the total RNA in cells were extracted using Trizol reagent (Protech Technology, Taiwan) in reference to the manufacturer's instructions. Messenger RNA was subsequently reverse transcribed to complementary DNA following the method of TProfessional basic (Biometra, Germany). The obtained cDNA was quantified to 20 ng and the measurement was conducted in StepOnePlus TM Real-Time PCR system with FastStart DNA Mater-PLUS SYBR Green I (Applied Biosystem, United States). The primary sequences were shown in Table 1 . The efficiency of DNA amplification was performed using the mean cycle threshold (Ct) method, which represent the number of cycles at which the fluorescence surpasses the threshold. Ct value in each group was calculated from Ct values of different genes subtracting the Ct value of GAPDH. The resulting relative mRNA expression was showed as fold change (2 − Ct ) relative to the expression values in control cells.
Statistical Analysis
Statistical analysis was completed by using commercial software Minitab 16. Data are presented as means ± standard deviations.
All p-values were calculated by two-tails t-test and paired t-test. P < 0.05 was considered the significant difference.
RESULTS
Characterization of Liposomal Formulations
Physical property is an important parameter in formulation of liposomes as it could affect drug delivery or interaction between drugs and cells. In the present study, physical characteristics of baicalei-loaded liposomes, including particle size, entrapment efficiency, polydispersity index (PDI) and zeta potential, were assessed. Table 2 illustrates that the particle sizes of empty liposomes, 10 µg/ml baicalein-loaded liposomes (10 µg/ml BCLip) and 20 µg/ml baicalein-loaded liposomes (20 µg/ml BCLip) are in the range of 135-171 nm. Liposomes encapsulated with baicalein were found with reduced particle size in a dose-dependent manner. Moreover, an increase of baicalein concentration in liposomes led to a decrease in PDI from 0.546 to 0.462. PDI is an important parameter which is used to describe variation of particle size in a population of particles and hence baicalein-loaded liposomes have a relatively narrow size distribution. Moreover, baicalein-loaded liposomes present a decline in entrapment efficiency from 33.65 to 25.40% when drug concentration increase from 30 to 80 µg/ml. The surface charge of baicalein-loaded liposomes was assessed through zeta potential measurement. Since baicalein-loaded liposomes are mainly composed with phosphatidylcholine, an amphoteric phospholipid, these liposomes should exhibit a neutral surface and hence the zeta potential was around zero. Similar values of zeta potential were obtained among these liposomal formulations, suggesting that the presence of baicalein did not alter the electrophoretic mobility of liposomes. The stability of liposomal formulations was further determined through particle size (Figure 1) . Although particle sizes of empty and baicalein-loaded liposomes were slightly different at day 1, all the liposomes displayed similar stability profiles over a 2-week period at 4 • C in the fridge. The stability of liposomes in vivo can also be affected by interactions between lipoproteins and few other proteins in the blood. In our previous serum stability studies of liposomes, no significant change in the particle size distribution for all the types of liposomal formulations was noted (Yeh et al., 2015) .
Effect of Liposomal Formulations on the Cell Viability, Delivery Efficiency and NO Production
The in vitro cytotoxic of free baicalein, empty and baicaleinloaded liposomes on Hs68 fibroblasts and RAW264.7 macrophages were examined using the MTT assay. As shown in Figure 2 , free baicalein at the concentration of 20 µg/ml was found to reduce cell viability sharply to 14%. In comparison, liposome-encapsulated baicalein at the same concentration showed highly remained cell viability (around 100%), indicating that liposomal formulation was capable to prevent the cytotoxicity of baicalein with significantly enhanced cell viability. However, both free baicalein and liposomeencapsulated baicalein at the concentration of 30 µg/ml showed low cell viability (less than 15%). Cell uptake of baicalein-loaded liposomes in Hs68 fibroblasts was analyzed based on release of DiI in to cells after cell uptake of DiI-labeled liposomes (Yeh et al., 2015) . In here, DAPI stained cell nucleus apparent in blue fluorescence. As shown in Figure 3A , Dil-loaded liposomes were gradually taken by cells showing more red fluorescence signals over 24 h. Quantitative analysis of DiI red fluorescence signals demonstrated the fluorescent intensity in cells which were treated with DiI-loaded liposomes was four times higher compared to control cells which were treated with Dil only over 24 h ( Figure 3B) . Hence, liposomal formulation was helpful to improve cell viability and cellular uptake efficiency of baicalein in Hs68 fibroblasts. To confirm the anti-inflammatory activity of liposomeencapsulated baicalein, cell viability and nitrite production of RAW264.7 were measured. Liposome-encapsulated baicalein showed higher cell viability compared to free drug in treating RAW264.7 macrophages. Baicalein and liposome-encapsulated baicalein dose-dependently reduced cell viability of RAW264.7 macrophages ( Figure 4A ). Based on this result, concentrations with cell viability over 80% were selected for subsequent NO inhibition experiment. The nitrite accumulation in the cells was significantly increased after LPS stimulation. Therefore, cells were simultaneously treated with LPS following by free baicalein, empty or baicalein-loaded liposomes, respectively in order to determine anti-inflammatory activity of baicalein ( Figure 4B) . LPS-induced nitrite production in RAW264.7 macrophages was significantly inhibited through the treatment of free baicalein, empty or baicalein-loaded liposomes. Baicalein inhibited the NO production in a dose-dependent manner, particularly at 20 µg/ml of baicalein (greater than 80% inhibition). liposome-encapsulated baicalein also exhibited the suppressive effect on LPS-induced nitrite production (in approximate 65-75% inhibition), but not in a dose-dependent manner. The result of MTT assay confirmed that baicalein or liposome-encapsulated baicalein had direct antiinflammatory effects which was not correlated with cell damage (cell viability > 80%).
The Effect of Liposome-Encapsulated Baicalein on Lipid Accumulation and Triglyceride Synthesis in ADM-Induced Hs68 Fibroblasts
Lipogenesis effects of baicalein or liposome-encapsulated baicalein were examined respectively on Hs68 fibroblasts FIGURE 4 | The effect of empty and baicalein-loaded liposomes on cell viability and nitrite production of RAW264.7 macrophages. (A) Cells were incubated with baicalein, empty and baicalein-loaded liposomes for 24 h, and then cell viability was measured using MTT assay. * p < 0.05 relative to 20 µg/ml Baicalein-treated cells (B) RAW264.7 macrophages were induced to inflammation by 500 ng/ml LPS. The inhibitory effect of baicalein and baicalein-loaded liposomes on nitrite production of LPS-induced RAW264.7 macrophages was determined after 24 h of incubation. The total nitrite production in LPS-stimulated cells is expressed as 100%. The data are presented as the means ± standard deviation. # P < 0.05 relative to control and * p < 0.05 relative to LPS-stimulated cells (n = 3).
within ADM induced lipogenesis for 14 days. Oil Red-O was utilized to measure intracellular lipid accumulation. Under light microscopy, lipid droplets were apparent via treatments of ADM in the presence or absence of empty liposomes ( Figure 5A) . Moreover, cells co-treated with ADM and empty liposomes had a significantly increase in intracellular lipid content compared to the cells treated with ADM only. In contrast, baicalein (10 µg/ ml) showed a significant inhibitory role against ADM-induced lipid formation, while baicaleinloaded liposomes showed comparable inhibitory effects on lipid formation but not dose dependently ( Figure 5B) . These results were further confirmed by quantitative analysis of intracellular triglyceride contents. Suppressive effect on triglyceride accumulation was observed in Hs68 fibroblasts ( Figure 5C ). As expected, ADM induced triglyceride synthesis in Hs68 fibroblasts was significantly suppressed by free baicalein (10 µg/ml), while after liposome-encapsulation, baicalein-loaded liposomes were found to reduce ADM induced triglyceride synthesis, suggesting that a similar but mild effects of baicalein after liposome-encapsulation on the lipid formation and triglyceride synthesis in Hs68 fibroblasts. 
The Effect of Liposome-Encapsulated Baicalein on Gene Expressions of Lipogenesis Enzymes in ADM-Induced Hs68 Fibroblasts
To understand the molecular mechanism of baicalein's effects with or not encapsulated in liposomes on lipid accumulation in Hs68 cells, we examined the expression of lipogenesis enzymes, lipoprotein lipase (LPL) and fatty acid binding protein 4 (FABP4). A previous study demonstrated that the gene expressions of LPL and FABP4 in human adipose-derived stromal cells were significantly increased during adipogenic differentiation (D7-D21) and hence they could be served as potential adipogenic differentiation markers (Ambele et al., 2016) . Cells treated with ADM, in presence or absence of empty liposomes, resulting in greater gene expression of LPL (2 fold) and FABP4 (sixfold) comparing to control and hence empty liposomes had no additive effect on lipogenesis (Figure 6 ). The increase of these lipogenic enzyme genes indicates that Hs68 fibroblasts can be induced to lipogenesis by ADM treatment no matter the addition of liposomes. In contrast to ADM-induced lipogenesis in Hs68 fibroblasts, free baicalein treatment demonstrated 70 and 48% decrease in LPL and FABP4 expression levels, respectively. Cells co-treated with ADM and liposome-encapsulated baicalein also exhibited suppressive effects on LPL (62% decrease) and FABP4 (49% decrease) mRNA expressions. Such expression profiles of LPL and FABP4 are consistent with lipid and triglyceride levels.
Taken together, both free baicalein and liposome-encapsulated baicalein inhibited lipid formation and triglyceride synthesis in Hs68 fibroblasts through suppression of lipogenic enzyme genes.
The Effect of Liposome-Encapsulated Baicalein on Gene Expression of Inflammation-Related Factor After ADM Treatment
As obesity is known to induce mild inflammatory responses, while inflammation plays an important role in insulin resistance, diabetes and other diseases. Hotamisligil reported that the mRNA expression of tumor necrosis factor alpha (TNF-α) mRNA expression in subcutaneous adipose tissue were about 2.5-fold higher in obese women compared to women with normal BMI. Importantly, reduction of body weight (17% w/w) were found to correlate with 22% decrease of TNF-α expression, and lead to indirectly improvement of insulin sensitivity (Hotamisligil et al., 1995) . Thus, TNF-α expression was used in the present study as an indicator to determine the release of adipokines in the adipose tissue (Cawthorn and Sethi, 2008) . To clarify whether ADM-induced adipogenesis can stimulate inflammation in Hs68 fibroblasts, we measured the mRNA levels of TNF-α. In here, we found that ADM treatment resulted in 1.5-fold increase in the gene expression of TNF-α, and which can be reduced approximate 75 and 80% by baicalein and liposome-encapsulated baicalein respectively (Figure 7) . In addition, ADM-induced FIGURE 6 | The effect of baicalein, empty and baicalein-loaded liposomes on adipogenic marker genes, LPL (A) and FABP4 (B) in the presence of ADM. The mRNA expressions of LPL and FABP4 were measured by real-time PCR analysis after 3 days incubation with ADM. Levels of LPL and FABP4 mRNA expression are presented relative to control gene expression. The data were presented as the mean ± standard deviation (n = 3). # P < 0.05 relative to control, * p < 0.05 relative to cells treated with ADM only and $ p < 0.05 relative to cells co-treated with ADM and empty liposomes.
TNF-α expression can be suppressed by liposome-encapsulated baicalein in a dose-dependent manner. A previous report using fresh peritoneal murine macrophages harvested from C57RL/6 mice or ANA-1 macrophage line derived from the bone marrow of C57RL/6 mice demonstrated that LPL can induce TNF-α gene expression and protein secretion (Renier et al., 1994) . Moreover, Xu et al. (2015) also indicated that FABP4 could modulate TNF-α secretion in FABP4/aP2 knockout macrophages, suggesting ADM treatment may induce TNF-α expression in Hs68 fibroblasts through the up-regulation of lipogenic enzyme gene expressions (LPL and FABP4).
ADM-induced adipogenesis caused inflammatory responses in Hs68 fibroblasts through the up-regulation of TNF-α gene expression. We further treated Hs68 fibroblasts treated with 20 ng/ml of TNF-α following by measure of the mRNA expressions of inflammatory cytokines, such as cyclooxygenase-2 (COX-2), interleukin-6 (IL-6) and IL-8. As shown in Figures 8A-C , incubation of Hs68 fibroblasts with TNF-α increased the gene expressions of COX-2, IL-6 and IL-8 (about 2, 2 and 3.5-fold) and the addition of baicalein, empty and baicalein-loaded liposomes individually downregulated TNF-α-induced inflammatory gene expressions. Since TNF-α was reported to stimulate ECM degradation by inducing the expression of matrix metalloproteases (MMP)-1 and MMP-3 in dermal fibroblasts (Shindo et al., 2014) , we then examined the effect of baicalein, empty and baicalein-loaded liposomes on gene expressions of MMP-1 and MMP-3. Incubation of Hs68 fibroblasts with TNF-α significantly increased gene expressions of MMP-1 and MMP-3 compared to non-treated control cells, whereas baicalein and liposome-encapsulated baicalein significantly reduced TNF-α-induced MMP-1 and MMP-3 mRNA levels ( Figure 8D) . It is interesting to note that empty liposomes have similar FIGURE 7 | The effect of ADM, Baicalein and baicalein-loaded liposomes on gene expression of TNF-α. The level of TNF-α mRNA expression was measured using RT-PCR. The level of TNF-α mRNA expression is presented relative to control gene expression. The data were presented as the mean ± standard deviation (n = 3). # P < 0.05 relative to control, * p < 0.05 relative to cells treated with ADM only and $ p < 0.05 relative to cells co-treated with ADM and empty liposomes.
inhibitory effect on TNF-α-induced MMP-1 and MMP-3 mRNA expressions but not in statistical significance. Through the up-regulation of TNF-α gene expression, ADM-induced FIGURE 8 | The effect of baicalein, empty and baicalein-loaded liposomes on TNF-α-induced inflammatory responses in Hs68 fibroblasts. Hs68 fibroblasts were treated with test samples in the presence or absence of TNF-α for an hour. Afterward, the gene expressions of COX-2 (A), IL-6 (B) and IL-8 (C) were determined by real-time PCR. (D) The mRNA expressions of MMP-1 and MMP-3 were also measured after 4 h incubation with test samples in the presence or absence of TNF-α. Levels of COX-2, IL-6, IL-8, MMP-1 and MMP-3 mRNA expression are presented relative to control gene expression. The results were expressed as the mean ± standard deviation (n = 3). # P < 0.05 relative to control and * p < 0.05 relative to cells treated with TNF-α only.
lipogenesis may cause inflammation and ECM degradation in Hs68 fibroblasts. However, baicalein, empty and baicaleinloaded liposomes show their potential to suppress inflammatory responses and MMP expressions via down-regulation of TNF-α pathway.
The Effect of Liposome-Encapsulated Baicalein on ECM Synthesis in ADM-Induced Hs68 Fibroblasts
Dermal fibroblasts have major responsibility to produce ECM for maintaining skin homeostasis and for orchestrating skin tissue regeneration. Since ECM plays a critical role in regulation of skin cell morphogenesis, activity and function, ADM, baicalein and liposome-encapsulated baicalein was further investigated on ECM synthesis. In the presence of ADM and empty liposomes, Hs68 fibroblasts were found enlarged and altered in cell shape. In addition, cells co-treated with ADM and empty (or baicalein-loaded) liposomes produced an elaborate type I collagen matrix (Figure 9A ), whereas control cells or cells cotreated with ADM and baicalein showed no cross-linked network of collagen microfibers. Quantitative analysis of the fluorescent signals revealed that cells treated by ADM or empty liposomes exhibited higher expression levels of elastin, type I and type III collagens compared to control and cells co-treated with ADM and baicalein (or liposome-encapsulated baicalein) (Figures 9B-D) .
FIGURE 9 | The effect of ADM, baicalein and baicalein-loaded liposomes on elastin, type I and type III collagen protein expressions in Hs68 fibroblasts. Immunofluorescence staining was carried out using specific antibody. (A) The immunofluorescent image of elastin, type I and type III collagen were photographed under microscopy paired with CCD system (×100 magnification, Scale bar = 200 µm). Quantification of fluorescent intensity for protein expression levels of (B) elastin, (C) type I collagen and (D) type III collagen was determined by Image J. The levels of protein expression are presented relative to control. The results were expressed as the mean ± standard deviation (n = 3). # P < 0.05 relative to control, * p < 0.05 relative to cells treated with ADM and $ p < 0.05 relative to cells co-treated with ADM and empty liposomes.
These results indicated that baicalein (or liposome-encapsulated baicalein) can largely reduce the stimulatory effect of ADM and liposomal formulation on ECM synthesis.
To further confirm the effect of baicalein and liposomeencapsulated baicalein, collagen and elastin protein level in Hs68 fibroblasts were analyzed using ELISA assay. Results are in agreement with immunohistochemical staining showing a similar declining trend in collagen and elastin production (Figure 10) . Taken together, ADM and empty liposomes could induce ECM expression level in Hs68 fibroblasts but baicalein or liposomeencapsulated baicalein may have the reverse effects.
DISCUSSION
Previous studies revealed that baicalein is capable of attenuating ROS generation and exhibit high anti-oxidant activity (Chang et al., 2011) . We also found that baicalein displays strong DPPH radical scavenging action, particularly at the concentration of 20 µg/ml (around 90%, Supplementary Figure S1) . In a study reported by Kimura and Sumiyoshi (2011) baicalein could inhibit UV-B-induced MMP-9 and VEGF expression level through suppression of COX-2 but expression of NF-κB and hence baicalein is believed to have a remarkable anti-inflammation activity. In the present study, our findings demonstrate that baicalein is capable to decrease LPS-induced nitrite production in RAW264.7 macrophages and TNF-α stimulated COX-2, IL-6 and IL-8 expressions in Hs68 fibroblasts. These results agree with previous studies, showing that baicalein possesses excellent anti-inflammatory effect (Kimura and Sumiyoshi, 2011; Chen et al., 2014) . However, due to its low solubility in aqueous solutions and low bioavailability in vivo, medical application of baicalein are very limited, particularly for skin administration. Few recent studies suggested that the therapeutic efficiency of natural compounds could be improved by liposomal nanoencapsulation because of its high compatibility and easy incorporation efficiency (Cadena et al., 2013; Caddeo et al., 2014) . Encapsulated drugs in nanoparticles FIGURE 10 | Protein expressions of elastin (A) and collagen (B) were measured by ELISA. The protein level was presented in relative proportion compared with control. The data were expressed as the mean ± standard deviation (n = 4). # P < 0.05 relative to control, * p < 0.05 relative to cells treated with ADM only and $ p < 0.05 relative to cells co-treated with ADM and empty liposomes.
are known to reduce drugs leakage, prolong the residence time on skin and facilitate the internalization of drugs into cells (Moulaoui et al., 2015) . Tsai et al. (2012) found that encapsulated baicalein with nanostructured lipid carrier (NLC) system can be used in brain therapy. In the present study, we used soybean phosphatidylcholine (SPC) for baicalein-loaded liposomal formulations to enhance drug bioavailability. Notably, particle size and PDI were decreased with baicalein-loaded liposomes, and no significant differences in zeta potential was measured between empty liposomes and baicalein-loaded liposomes. The reduction of particle size may be due to stronger drug interactions via hydrogen bonding and hence there is no effect on zeta potential. After 14 days stored at 4 • C, only less 20% variation in particle sizes was noted for empty or baicalein-loaded liposomes. Moreover, our previous studies of liposome' stability in serum demonstrated no significant change in the particle size distribution for all the liposomal formulations (Yeh et al., 2015) . Hence, liposomal formulations are in high uniformity and homogeneity based on the low PDI and great stability within 14 days. In comparison with free drug, liposome-encapsulated baicalein (20 µg/ml, equal to 74 µM) obtained high cell viability in Hs68 fibroblasts due to the reduction of drug leakage and the anti-inflammatory activity of liposome-encapsulated baicalein is consistent with free drug. Rakar et al. (2012) showed that primary human dermal fibroblasts were able to differentiate toward adipocytes, osteoblasts and chondrocytes using different induction media. Additionally, Takeda et al. (2017) also observed dramatic morphological change of human dermal fibroblasts over differentiation in which cells morphology convert from characteristic elongated fibroblasts into round adipocyte-like cells. In here, ADM-induced lipogenesis enlarged the cell size of Hs68 fibroblasts with oval and round cells rather than spindle shape. Such morphological changes of Hs68 human dermal fibroblasts during lipogenesis is consistent with the "morphotypes" described in previous studies (Rakar et al., 2012; Takeda et al., 2017) . Conversely, Lu et al. (2006) previously demonstrated that baicalein at concentrations of 160-640 µM inhibited the proliferation of porcine preadipocytes with over expression of adipogenesis related genes: PPARγ2 and fatty acid synthase (FAS) but the gene expression was suppressed in lower concentrations of baicalein at 40-320 µM. Similarly, the inhibitory role of baicalein on lipid accumulation in 3T3-L1 fibroblasts and zebrafish was published by Seo et al. (2014) . Baicalein inhibited triglyceride accumulation during adipogenesis and significantly down-regulated the gene expression of lipogenesis enzyme, FABP (Cha et al., 2006) . In our study, as expected, baicalein or liposome-encapsulated baicalein remained cells with fibroblast-like morphology rather than to adipocytes, and reduced lipid droplet formation in ADM-induced Hs68 fibroblasts. Furthermore, Baicalein and liposome-encapsulated baicalein showed significant inhibitory effect on ADM-induced lipid accumulation and triglyceride synthesis through the suppression of adipogenesis marker, FABP4 and LPL. Thus, we believed that baicalein and liposomeencapsulated baicalein could suppress ADM-induced lipogenesis in human dermal fibroblasts.
As lipogenesis is known to induce inflammatory responses via the increase of TNF-α expression (Hotamisligil et al., 1995; Cawthorn and Sethi, 2008) , ADM-induced lipogenesis markedly increased TNF-α expression in Hs68 fibroblasts through the upregulation of LPL and FABP4 expression, and which was further inhibited by the addition of baicalein, empty and baicalein-loaded liposomes (Renier et al., 1994; Xu et al., 2015) . Of note, baicalein, empty liposomes and baicalein-loaded liposomes demonstrated prominent suppression in COX-2, IL-1, IL-6, and IL-8 gene expressions in TNF-α induced Hs68 fibroblasts. These findings are in agreement with previous studies (Hsieh et al., 2007; Kimura and Sumiyoshi, 2011; Luo et al., 2017) , showing baicalein can consistently suppress gene and protein expressions of Cox-2, IL-1, IL-6 and IL-8. Results herein further confirm that liposomes didn't effect on inhibitory role of baicalein on gene expressions of inflammatory responses. Moreover, our results showed that pure baicalein and baicalein-loaded liposomes suppressed gene expression of MMP-1 and MMP-3, while similar results were reported before by Chen et al. (2015) through measuring the gene and protein expressions of MMP-1, 3, and 13 in baicalein treated human OA chondrocytes. They found baicalein can dosedependently reduce gene and protein expressions of MMP1, 3 and 13 in IL-1β-induced human OA chondrocytes , while other researchers also demonstrated that baicalein can down-regulate gene and protein expressions of MMP-1 in H 2 O 2 -treated human HaCaT keratinocytes (Kim et al., 2012) . According to our data, baicalein and baicalein-loaded liposomes have similar inhibitory effect on gene expressions of MMP-1 and MMP-3 and that is consistent with previous findings (Kim et al., 2012; Chen et al., 2015) . Besides, baicalein inhibited the gene and protein expressions of MMP-2 and MMP-9 and meanwhile promoted the expressions of tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2 in hepatocellular carcinoma MHCC97H cells and mouse melanoma B16F10 cells Choi et al., 2017) , suggesting that baicalein can suppress inflammatory responses through the down-regulation of TNF-α expression, resulting in the inhibition of MMP expressions in Hs68 fibroblasts.
Since ECM is playing a key role in skin regeneration, we therefore examined protein expressions of elastin, type I and type III collagens in Hs68 fibroblasts. Our results indicated that ADM stimulation up-regulated elastin, type I and type III collagens in Hs68 fibroblasts. Of note, liposomes slightly increased type I and type III collagens but not elastin as compared with ADM-treated cells. Similar to our findings, human subcutaneous adiposederived cells were found to have presence of COL1A1 gene (Mariman and Wang, 2010) . In a DNA microarray analysis of subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) in Wistar rats, ECM-related genes such as type I, III, and V collagen were expressed higher in SAT than VAT (Mori et al., 2014) . Moreover, collagen type I protein was highly expressed and formed a fibrous structure in rat SAT as well as dermis but not in rat VAT. In comparison with undifferentiated cells, a decrease of type I, type III and type V collagens was observed in 3T3-L1 cells during early phase of adipogenic differentiation (Wang et al., 2004; Mori et al., 2014) . Enlarged adipocytes reduced 3T3-L1 fibroblast proliferation and gene expression of collagen type I and elastin and increased gene expression of MMP 13 (Ezure and Amano, 2011) . Therefore, Hs68 fibroblast may present similar ECM expressions (such as type I and type III collagens) to human subcutaneous adipose-derived cells, rat SAT and VAT but not mouse 3T3-L1 adipocytes. Besides, baicalein and liposome-encapsulated baicalein suppressed the protein expressions of elastin, type I and type III collagen in ADM-induced Hs68 fibroblasts which may due to the inhibition of lipogenesis. Therefore, we elucidated that lipogenesis in Hs68 fibroblasts can increase ECM formulation, particularly in the protein expression of elastin, type I and III collagens. It is worth noting that baicalein had inhibitory effect on ECM formation in lipid-containing fibroblasts.
In summary, we propose the following network: Physiological stimuli (ADM treatment) influenced the expressions of lipogenic enzyme genes (LPL and FABP4); simultaneously, lipogenesis enzymes control the lipid accumulation and inflammatory responses, which are the key factors for ECM remodeling in Hs68 fibroblasts (Figure 11) . Besides, Liposomeencapsulated baicalein provide enhanced cell viability and cellular uptake efficiency of Hs68 fibroblasts together with down-regulation of ADM-induced lipid accumulation and ECM formation in Hs68 fibroblasts through suppression of lipogenesis enzymes and inflammatory responses. In conclusion, we suggested that liposome-encapsulated baicalein can provide an opportunity as medical or cosmetic products to prevent lipogenesis and maintain ECM structure in skin.
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